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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a dielectric ceramics having a high dielectric constant e r and a high Q value 
of resonance acutance in a high frequency region such as of microwave and millimeter-wave, as well as a dielectric 
resonator. More particularly, the invention relates to a dielectric ceramics used for a variety of resonator materials, MIC 
(Monolithic IC) dielectric substrate materials, dielectric waveguide materials, multilayer ceramic capacitors and the like 
which are used, for example, in the mentioned high frequency region, as well asjudieiectric-resonator. 

w 

BACKGROUND OF THE INVENTION 

[0002] Dielectric ceramics have been widely used for dielectric resonators, MIC dielectric substrates and waveguides 
in a high frequency region such as of microwave and millimeter-wave. The dielectric ceramics are generally required 
15 to have the following three principal properties: 

1) A high dielectric constant to meet a demand for miniaturization, because the wavelength of propagating elec- 
tromagnetic wave is reduced to (1/e r) 1/2 in a dielectric; 

2) A small dielectric loss in the high frequency region, i.e., a high Q value; and 

20 3) A small change of resonant frequency to temperature, i.e., a small and stable temperature dependency of 

dielectric constant e r. 

[0003] As such a dielectric ceramics, Japanese Patent Unexamined Publication No. 4-118807 (1992) discloses a 
dielectric ceramics composed of a CaO-Ti0 2 ~Nb 2 0 5 -XO system (wherein X is Zn, Mg, Co or Mn). However, this die- 
25 lectric ceramics has the problem that a Q value by weight as 1 GHz is as low as about 1 600 to 25000, and the temperature 
coefficient t f of resonant frequency is as large as about 215 to 835 ppm/°C. It has therefore been desired to increase 
Q value and decrease t f. 

[0004] Upon this, the present applicant has proposed an LnAICaTi dielectric ceramics (wherein Ln is a rare earth 
element) in Japanese Patent Unexamined Publication No. 6-76633 (1994), an LnAISrCaTi dielectric ceramics (wherein 
30 Ln is a rare earth element) in Japanese Patent Unexamined Publication No. 1 1 -278927 (1999), and an LnAICaSrBaTl 
dielectric ceramics (wherein Ln is a rare earth element) in Japanese Patent Unexamined Publication No. 11-106255 
(1999). 

[0005] However, with the LnAICaTi dielectric ceramics (Publication No. 6-76633), Q value is 20000 to 58000 when 
the dielectric constant e r is in the range of 30 to 47, and Q value is less than 35000 in some instances. 
35 [0006] With the LnAISrCaTi dielectric ceramics (Publication No. 11-278927), Q value is 20000 to 75000 when the 
dielectric constant e r is in the range of 30 to 48, and Q value is less than 35000 in some instances. 
[0007] With the LnAICaSrBaTl dielectric ceramics (Publication No. 1 1 -1 06255), Q value is 30000 to 68000 when the 
dielectric constant e r is in the range of 31 to 47, and Q value is less than 35000 in some instances. 
[0008] Hence there has been a desire for a dielectric ceramics having more improvements in Q value. 

40 

SUMMARY OF THE INVENTION 

[0009] A dielectric ceramics of the present invention is composed of an oxide containing, as a metal element, at least 
a rare earth element (Ln), Al, M (M is Ca and/or Sr) and 71, at least part of the oxide of Al being present as a crystal 

45 phase of p-AI 2 0 3 and/or e-AI 2 0 3 . 

[0010] Of the crystals composed of the oxide containing a rare earth element (Ln), Al, M (M is Ca and/or 6r)_and Ti, 
the crystal of which crystal system is hexagonal and/or ortho rhombic is preferably present not less than 80% by volume. 
[0011] A dielectric ceramics of the present invention preferably contains, as a metal element, at least one of Mn, W 
and Ta in an amount of 0.01 to 3% by weight as Mn0 2 , W0 3 and Ta20 5T respectively. 

50 [0012] The crystal phase of p-AI 2 0 3 and/or 0-AI 2 O 3 is preferably contained in a rate of 1 /1 00000 to 3% by volume. 
[0013] A dielectric ceramics of the present invention contains, as a metal element, at least a rare earth element (Ln), 
Al, M (M is Ca and/or Sr) and Ti, and when its composition formula being expressed as follows: 



55 



aLn 2 O x bAI 2 0 3 cMO dTi0 2 



(where 3<> x £4), 

a, b, c and d preferably satisfy the following: 
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0.056 <£ a <; 0.214 



0.056 £b £0.214 



0.286 <> c £ 0.500 

10 

0.230 < d < 0.470 



a+b+c+d = 1 

15 

[001 4] The present invention also provides a dielectric ceramics containing, as a metal element, at least a rare earth 
element (Ln), Al, M (M is Ca and/or Sr) and Ti, characterized in that an average particle diameter D 1 of the crystal of 
which main phase is a crystal phase composed of an oxide of Ma and TI is larger than an average particle diameter 
D 2 of the crystal of which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al. 
20 [0015] Like the foregoing dielectric ceramics, this dielectric ceramics may also have a large dielectric constant e r, 
a high Q value, and a small temperature dependency of dielectric constant e r. 

[001 6] The average particle diameter D 1 of the crystal of which main phase is a crystal phase composed of an oxide 
of M and Ti is preferably 12 jim <, £ 1 00 \im, more preferably 15 urn £ D 1 £ 6'0jim, and the average particle diameter 
D 2 of the crystal of which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al is 
25 preferably 3 urn <> D 2 <. 1 2 urn, more preferably 5 uin <, D 2 £ 1 0 ujn. Further, it is preferable that this dielectric ceramics 
has the same composition formula as described above, and the mole ratios a, b, c and d have the same range as 
described above. 

[0017] A dielectric resonator of the present invention is one in which the above-mentioned dielectric ceramics is 

disposed between a pair of input/output terminals so as to be operated by electromagnetic coupling. 
30 [0018] it is an advantage of the present invention that it can provide a dielectric ceramics having a Q value of not 

less than 35000 when dielectric constant e r is in the range of 30 to 48, as well as a dielectric resonator. 

[0019] It is another advantage of the present invention that it can provide a dielectric ceramics having a Q value of 

not less than 40000 when dielectric constant e r is not less than 40, as well as a dielectric resonator. 

[0020] It is still another advantage of the present invention that it can provide a dielectric ceramics having a small 
35 and stable temperature dependency of dielectric constant e r, as well as a dielectric resonator. 

[0021 ] These and other advantages of the present invention will become more apparent from the following detailed 

description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0022] 

Fig. 1 is a sectional view illustrating an example of the dielectric resonator of the present invention; 
Figs. 2(a) and 2(b) are schematic views illustrating a selected area electron diffraction image of the dielectric 
45 ceramics of the present invention; 

Figs. 3(a) and 3(b) are schematic views of photographs illustrating the result of analysis of the selected area 

electron diffraction image of crystal particles 11 and 12 in Figs. 2(a) and 2(b), respectively; 

Fig. 4 is a schematic view of the result of an EDS analysis of the crystal particle 11 in Fig. 2(a); and 

Fig. 5 is a schematic view of the result of an EDS analysis of the crystal particle 12 in Fig. 2(b). 

50 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The term "dielectric ceramics" in the present invention means a sintered body obtainable by molding and 
firing a non-sintered body. In order to increase Q value, it is important that a dielectric ceramics is composed of an 
55 oxide containing, as a metal element, at least a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti, and at least 
part of the oxide of Al is present as a crystal phase of p -Al 2 0 3 and/or 0 -AI2O3. 

[0024] It is particularly preferable that the main crystal phase of a dielectric ceramics of the invention is a perovskite- 
type crystal composed of a solid solution of LnAlOp^^ (3^x^4) and M*no 3> and p -Al 2 0 3 and/or 6 -AI 2 Q 3 is present 
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as other crystal phase. 

[0025] Thus, a dielectric ceramics of the invention contains p -Al 2 0 3 and/or 0 -A^C^, thereby enabling to obtain 
dielectric characteristic especially excellent as a dielectric ceramics for resonator. That is, the reason why the present 
invention can increase Q value can be considered that the oxygen defect in the sintered body is reduced by the presence 

5 of p -Al^ and/or 6 -A^O in the dielectric ceramics. 

[0026] It is preferable that a dielectric ceramics contains a 1/1 00000 to 3 % by volume of a crystal phase of p -Al 2 0 3 
and/or 6 -Al 2 0 3 , thereby remarkably increasing Q value. In order to further increase Q value, a dielectric ceramics 
preferably contains a 1/20000 to 2 % by volume of a crystal phase of p -Al20 3 and/or 6 -Al 2 0 3 , and it is particularly 
preferable to contain in the range of 1/5000 to 0.5 % by volume. 

10 [0027] In order to considerably increase Q value, the average crystal particle diameter of p -Al 2 0 3 and 0 -Al 2 0 3 is 
preferably 0.1 to 40 p. m. It is particularly preferable that the average crystal particle diameter of p -Al^ is 0.1 to 6 u. 
m, and the average crystal particle diameter of 0 -Al 2 0 3 is 3 to 40 u. m. In order to increase Q value, the average aspect 
ratio of the crystal of p -Al 2 0 3 is preferably 2 to 30. 

[0028] It is also preferable that in the crystals composed of the oxide containing a rare earth element (Ln), Al, M (M 
'5 is Ca and/or Sr) and Ti, the crystal of which crystal system is hexagonal and/or orthorhombic is present not less than 
80 % by volume, thereby further increasing Q value, in order to increase Q value, it is more desirable that the crystal 
of which crystal system is hexagonal and/or orthorhombic is present not less than 90 % by volume. In the present 
invention, the reason why a 80 % by volume or more of the crystal of which crystal system is hexagonal and/or or- 
thorhombic enables to increase Q value can be considered that since hexagonal and orthorhombic are of a crystal 
20 system having a relatively high symmetry, a large amount of a crystal system of hexagonal and/or orthorhombic con- 
tributes to improvements in Q value. 

[0029] The expression "in the crystals composed of the oxide containing a rare earth element (Ln), Al, M (M is Ca 
and/or Sr) and Ti, the crystal of which crystal system is hexagonal and/or orthorhombic" means that this crystal satisfies 
both of the crystal systems of hexagonal and orthorhombic. For example, this crystal satisfies the crystal structures of 

25 a hexagonal LaAI0 3 and an orthorhombic Ca710 3 at the same time. 

[0030] According to the invention , a dielectric ceramics preferably contains, as a metal element at least one selected 
from Mn, W and Ta in an amount of 0.01 to 3 % by weight in total, as Mn0 2 , W0 3 and T^Og, respectively. This permits 
a noticeable improvement in Q value. In order to further increase Q value, it is more preferable to contain at least one 
selected from Mn, W and Ta in an amount of 0.02 to 2 % by weight in total, as Mn0 2 , W0 3 and TE^Og, respectively. It 

30 is particularly preferable to contain Mn in an amount of 0.02 to 0.5 % by weight as Mn0 2 . 

[0031] It is also preferable that a dielectric ceramics of the present invention contains, as a metal element, at least 
a rare earth element (Ln), Al, M (M is Ca and/or Sr) and 71, and when its composition formula is expressed as follows: 

^ aLn 2 O x bAI 2 O a cMO dTi0 2 

(where 3^x^4), 

a, b, c and d satisfy the followings: 
40 0.056^a^0.214 



0.056^b^0.214 

45 

0.286^c^0.500 



0.230<d<0.470 



a+b+c+d=1 

55 [0032] The reason why the mole ratios a, b, c and d of their respective components are preferably limited to the 
above-mentioned ranges in the present invention is as follows. 

[0033] As to the condition of 0.056^a^0.214, when the mole ratio a is in this range, e r is large, Q value is high, and 
the temperature coefficient t f of resonant frequency becomes small. The range of 0.078^a^0.214 is particularly 
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preferable. 

[0034] As to the condition of 0.056^b^0.21 4, when the mole ratio b is in this range, e r is large, Q value is high, and 

the absolute value of tf becomes small. The range of 0.078^b^0.214 is particularly preferable. 

[0035] As to the condition of 0.286^c^0.500, when the mole ratio c is in this range, 8 r is large, Q value is high, and 

s the absolute value of x f becomes small. The range of 0.330^c^0.470 is particularly preferable. 

[0036] As to the condition of 0.230<d<0.470, when the mole ratio d is in this range, e r is large, Q value is high, and 
the absolute value of i f becomes small. The range of 0.340^d^0.45 is particularly preferable. 
[0037] In order to increase Q value, the mole ratios a, b, c and d preferably have the following relationship: 0.75^ 
(b+d)/(a+c)^1 .25, particularly 0.85^(b+d)/(a4c)^1 .15. 

10 [0038] In the meantime, the presence of the crystal composed of p-AI 2 0 3 and/or 0-Al 2 O 3 contained in the dielectric 
ceramics of the invention, and the identification of the crystal system of each crystal are carried out by, for example, 
observation with a transmission electron microscope, analysis with a selected area electron diffraction image and 
measurement by energy dispersive X-ray spectroscopic analysis (EDS analysis) or measurement by micro X-ray dif- 
fraction method. In the case of measuring the presence of the crystal composed of p -Al 2 0 3 and/or 6 -AI2O3 contained 

15 in the dielectric ceramics of the invention, and the percent by volume of the crystal of which crystal system is hexagonal 
and/or orthorhombic, observation with a transmission electron microscope, analysis with a selected area electron dif- 
fraction image and measurement by energy dispersive X-ray spectroscopic analysis (EDS analysis) are preferable. 
[0039] In the case of confirming the presence of the crystal composed of p-AI 2 0 3 and/or 6 -AI2O3 contained in the 
dielectric ceramics of the invention, and conducting the identification of the crystal system of each crystal by means 

20 of observation with a transmission electron microscope, analysis with a selected area electron diffraction image and 
EDS analysis, these are, for example, carried out in the following steps (A) to (G). 

(A) The crystals of plural positions selected from the inside of a dielectric ceramics with random sampling are 
observed with respect to an area of about 5 x. 1 0 -3 to 5 x 1 0-2 mm 2 by photography and selected area electron 

25 diffraction image at a magnification of about 1 000 to 1 0000 times, and the electron diffraction image of each crystal 

is analyzed to identify its crystal structure; 

(B) When the crystal structure of the crystal identified in (A) is p -AI2O3 and/or 9 -A^C^, this crystal is to be P -AI2O3 
and/or 6 -AI2O3 contained in a dielectric ceramics of the invention; 

(C) There is found the proportions of the crystals corresponding to the P-Al 2 0 3 and/or 6 -AI 2 O a identified in (B), to 
30 the entire area of the crystal photograph observed in (A), and this proportions are to be the percent by volume of 

P -Al 2 0 3 and/or G - A^O^ respectively; 

(D) The average crystal particle diameter Hd of p -Al^ and/or 0 -Al 2 0 3 identified in (B) is found from the following 
equation: Hd=2(A/rc) 1/2 wherein A is a value obtained by diving the area of the crystal corresponding to p -Al 2 0 3 
and/or 0 - AI2O3 in (C) by the number of the crystals of p -Al 2 0 3 and/or 6 -AI2O3; 

35 (E) The aspect ratio of the crystal of p -Al 2 0 3 is found from the crystal photograph; 

(F) Further, each crystal identified in (A) is subjected to EDS analysis, so that it is confirmed whether the crystals 
being p -A^C^ and/or 6 -AI 2 O a have a relatively more Al and/or a relatively less Ti, as compared to other crystals. 

(G) There is found the percent by volume of the crystals among the crystals identified in (A), which are composed 
of an oxide containing a rare earth element (Ln), Al, M (M is Ca and/or Sr) and TI, and have the crystal structure 

40 of hexagonal and/or orthorhombic. The percent by area of the crystals composed of an oxide containing a rare 

earth element (Ln), Al, M (M is Ca and/or Sr) and Ti, in the area of the photograph where the ceramics is present 
is converted to a percent by volume. 

[0040] As a measuring device, for example, a transmission electron microscopea JEM201 OF of JEOL Corp. and an 
45 EDS analyzer Voyager IV of Noran Instruments Corp. are usable. Note that the measurements of the above (A) to (F) 
are directed to the interior of the sintered body, and that the crystal composed of p -Al 2 0 3 and/or 0 - Al 2 0 3 is not be 
defined as a crystal composed of hexagonal anoVor orthorhombic contained in a dielectric ceramics of the invention. 
[0041] The crystal of hexagonal and/or orthorhombic contained in a dielectric ceramics of the invention is identified 
at least one or more of, for example, hexagonal LaAl 0 3 and AlNd0 3 , and an orthorhombic CaTi0 3 . In such a case 
so that the crystal composed of hexagonal and/or orthorhombic crystal system contained in a dielectric ceramics of the 
invention is at the same time identified by the crystal structure composed of a cubic crystal system, its crystal system 
is to be defined as hexagonal and/or orthorhombic. For instance, a crystal of which crystal system is identified by a 
cubic SrT10 3 and/or LaTi0 3 , and also by hexagonal and/or orthorhombic, is to be a crystal composed of a crystal 
system of hexagonal and/or orthorhombic. 
55 [0042] Of the crystals composed of an oxide containing a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti, 
the crystal composed of a crystal system other than hexagonal and/or orthorhombic is regarded that its crystal structure 
is unclear, or it is for example identified by at least one or more of crystal structures such as of tetragonal SrLaAI0 3 , 
Sr 4 Ti 3 O 10 , Sr 2 T10 4 , Sr 3 AI 2 0 7 , SrLa^^O^, and monoclinic SrAI 2 0 4 , Nd^Oy, and SrA^Oy. 
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[0043] p -Al 2 0 3 and/or 6 -AI2O3 contained in a dielectric ceramics of the invention is, for exmaple, composed of at 
least one of La 2 0 3 1 1 Al^, Nd 2 O a 1 1 Al 2 0 3 , CaO 6AI 2 0 3 , and SrO 6AI 2 0 3 . The crystal structure of p -Al 2 0 3 contained 
in a dielectric ceramics of the invention is, for example, composed of p -Al 2 0 3 of No. 10-0414 of JCPDS-ICDD, and 
the crystal structure of 6 -Al^ is, for example, composed of 6 - Al^ of No. 11-051 7 of JCPDS-ICDD. The p -Al^ 

5 contained in a dielectric ceramics of the invention may be p '-A^CXj and/or p "-Al 2 0 3 . 

[0044] It is desirable that a.rare earth el ement ( Ln) contained in a dielectric c eramics of the invention is at least o ne 
selected from oxig^sof XLa, Ce, Pr, Nd, Sm ( Eu, Gd, Tb, Dy, Ho, Erand Yb . In order to increase Q value, it is preferable 
that the rare earthelement is at least one sel ected from La, Nd, Sm, Eu7GlTanc l Dy, particularly at lea st one s elected 
from La, Nd and Sm. In order to increase Q value in the invention, the most preferred rare earth element is La. ' 

10 [0045] A dielectnc ceramics of the invention maybe prepared by the following stepsltf" firing a molding body contain- 
ing, as a metal element, at least a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti at 1 630 to 1 680°C for 5 to 
10 hours; lowering the temperature from 1630- 168. 0°C to 1300°Cat310to500°C/hour, and lowering the temperature 
from 1300*C to 1100°C at 5 to 100°C/hour; and then holding 20 hours or more at 1100 to 1050°C. The use of this 
method enables to generate p -A^C^ and/or 6 -Al 2 0 3 and increase Q value. In addition, the mentioned preparation 

15 method can be arranged such that in the crystals composed of the oxide containing a rare earth element (Ln), Al, M 
(M is Ca and/or Sr) and 71, the crystal of which crystal system is hexagonal and/or orthorhombic is present not less 
than 80 % by volume, thereby increasing Q value. 

[0046] In order to further increase Q value, it is preferable, after holding at 1 1 00 to 1 050°C for 20 hours or more,, to 
hold at 1 050 to 1 000°C for 20 hours or more. It is more preferable, after holding at 1 630 to 1 680°C for 6 to 9 hours, to 

20 lower the temperature from 1630 - 1680 Q C to 1300*C at 350 to 450°C/hour, lower the temperature from 1300°C to 
1100°C at 8 to 40°C/hour, and then hold at 1100 to 1050°C for 30 hours or more, followed by firing. A preparation 
method of a dielectric ceramics of the invention preferably includes the step of calcination, before molding the material 
into a predetermined shape, the material at 1 320 to 1 350°C for 1 to 1 0 hours. With a calcination at a temperature lower 
than 1320°C or higher than 1350°C, p -AI 2 O a and/or 0 -AI2O3 might not sufficiently be generated in the step of firing. 

25 This results in unsatisfactorily effect of increasing Q value. 

[0047] Under the mentioned calcination condition, p -Al^s and/or 0 -Al20 3 are sufficiently generated, thereby leading 
to noticeable improvements in Q value. 

[0048] In a method of preparing a dielectric ceramics of the invention, a dielectric ceramics of higher Q value can 
be obtained by using, as the starting material of a dielectric ceramics, a material further containing, as a metal element, 
30 at least one selected from Mn, W and Ta in an amount of 0.01 to 3 % by weight of in total, as Mn0 2 , WO a and TagOg, 
respectively. 

[0049] The reason why the preparation method of the invention can increase Q value can be considered that p -AfeOs 
and/or 0 -AI 2 O a is generated and the oxygen defect in the sintered body is decreased because the sintering step, 
particularly the step of holding at high temperatures and the following step of temperature lowering are carried out 
35 according to the mentioned preparation method. It also seems that the oxygen defect is further decreased by containing 
at least one of Mn, W and Ta in an amount of 0.01 to 3 % by weight as Mn0 2 , WO a and TagOg, respectively, thus 
leading to further higher Q value. 

[0050] An example of preferred preparation methods of a dielectric ceramics of the invention comprises, for example, 
the following steps (1a) to (5a). 

40 

(1 a) As a starting material, there are used each powder of a rare earth oxide, aluminum oxide, calcium carbonate, 
strontium carbonate and titanium oxide, which are all of high purity. These are weighed out so as to be a desired 
proportion and then mixed. To this mixture, pure water is added and subjected to wet blending and grinding by a 
ball mill using zircon ia balls etc. for 1 to 1 00 hours until the average particle diameter of the mixed material becomes 

45 not more than 2.0 u. m, preferably 0.6 to 1 .4 u. m. 

(2a) The obtained mixture is dried and calcinated at 1320 to 1350°C for 1 to 10 hours, to obtain a calcination. 
(3a) The resulting calcination is mixed with at lease one of a predetermined amount of manganese carbonate 
(MnCOg), tungsten oxide (W0 3 ) and tantalum oxide (Ta20 5 ). Pure water is added thereto, and this is subjected to 
wet blending and grinding by a ball mill using zirconia balls etc. for 1 to 1 00 hours until its average particle diameter 

so becomes not more than 2.0 u. m, preferably 0.6 to 1 .4 u. m. 

(4a) Further, a 3 to 1 0 % by weight of a binder is added and dehydrated, followed by granulating or particle sizing 
by a known method, e.g., spray drying method. The resulting granulated body or particle-sized body is molded 
into a desired shape by a known molding method, e.g., mold pressing method, cold iostatic pressing method, or 
extrusion molding method. The shape of the granulated body or particle-sized body is not limited to solid such as 

55 fine particles, but may be solid such as a slurry or liquid mixture. In this case, the liquid may be liquids other than 

water, e.g., IPA (isopropyl alcohol), methanol, ethanol, toluene, or acetone. 

(5a) The obtained molded body is held at 1 630 to 1 680°C for 5 to 1 0 hours, the temperature from 1 630 to 1 680°C 
is lowered to 1 300°C at 31 0 to 500°C/hour, the temperature of 1 300°C is lowered to 1 1 00°C at 5 to 1 00°C/hour, 
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then held at 1 1 00 to 1 050°C for 20 hou rs or more and then calcinated to obtain a dielectric ceramics of the invention. 
The dielectric ceramics of the invention may be prepared by further holding at 1 050 to 1 000°C for 20 hours or more. 

[0051] In a preparation method of a dielectric ceramics of the invention, the reason for holding at 1630 to 1680°C 

5 for 5 to 1 0 hours is that Q value lowers by holding at a temperature higher than 1 680°C. The reason for lowering the 
temperature from 1 630-1 680°C to 1300°C at 31 0 to 500°C/hour is that Q value lowers at a temperature lowering rate 
lessthan310°C/hourorlargerthan 500°C/hour. The reason for further lowering the temperature from 1300°C to 11 00°C 
at 5 to 1 00°C/hour is that Q value lowers at a decreasing rate less than 5°C/hour or larger than 1 00°C/hour. The reason 
for further holding at 1100 to 1050°C for 20 hours or more is that Q value lowers by holding for less than 20 hours. 

10 Also, the reason for holding at 1 050 to 1 000°C for 20 hours or more in order to increase Q value is that Q value lowers 
by holding for less than 20 hours. The reason for calcination at 1 320 to 1 350°C is for the purpose of increasing Q value. 
[0052] To a dielectric ceramics of the invention, the re may be ad deoLZnO, NiO, SnO^-Go^O^ZrOg, LiC0 3 , Rb 2 C0 3 , 
SC2O3, V 2 0 5 , CuO, Si0 2 , BaC0 3> MgC0 3 , Cr 2 0 3 , BgO^ Ge0 2> Sb 2 0 5 , Nb 2 0 5 , Ga£0 3 , F^Og { or)he like. Depending 
on the kind of the added component, these can be added in such a proportion thaMrj^thTatTffnrnjpt is not mom thftn 

is 5 parts by weight to 1 00 parts by weight of a main component, in or der to optimize the value of e r and the temp erature 
coefficlenLx f of resoTTfflitfrequency — — ^ 

[0053] I n a dielectric ceramics according to other preferred embodiment of the invention , an average particle diameter 
D 1 of the crystal of which main phase is a crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti is larger 
than an average particle diameter D 2 of the crystal of which main phase is a crystal phase composed of an oxide of a 

20 rare earth element (Ln) and At. 

[0054] Specifically, the average particle diameter D 1 of one crystal is 1 2 u. m^D^ 1 00 u. m as described above, and 
the average particle diameter D 2 of the other crystal is 3 u. m^D 2 ^12 u. m. More preferably, the average particle 
diameter D 1 of one crystal is 15 u. m^D^60 u. m, and the average particle diameter D 2 of the other crystal is 5 |i m 
^D 2 ^10 u. m. 

25 [0055] In the meantime, the measurement of crystal particle diameter, the identification of the crystal of which main 
phase is a crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti, and the identification of the crystal of 
which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al, may be earned out by 
the following steps (i) to (iv). 

30 (j) From the interior of a sintered body, more than fou r areas are selected at random to take samples. The sections 

of these samples are subjected to surface grinding and mirrorf inish. A heat treatment of the mirror-finished samples 
is conducted, for example, at 1450 W C for 15 minutes by using thermal etching method, so that the crystal shape 
can be observed by a SEM image. Generally, it is suitable that the heat treatment temperature is 1 200 to 1 550°C 
and the holding time is in the range of about 1 minute to 2 hours. It is important to manage so that the crystal shape 

35 can be observed by SEM and the grain boundary can be observed clearly. 

After heat treatment, with respect to each of the samples, the crystal diameter of about 20 to 1 00 pieces are 
measured under the following conditions. Firstly, using a wavelength dispersive X-ray micro-analyzer, photographs 
of reflection electron images are taken at 15 kV in accelerating voltage, about 5 x 10 " 10 A in probe current, and 
about 300 to 3000 times in magnification. The average crystal particle diameter of each of the photographs thus 

40 obtained is measured. The particle diameter is measured by image analysis method. With this method, the average 

crystal particle diameter Hd is found as follows. 



Hd=2(A/7c)^ 

45 

wherein A is the area within a particle, and calculated from the equation: (the entire area of a crystal)/(the number 
of crystals). 

(ii) With respect to the crystals of which average crystal particle diameter was measured in the above (i), under 
the conditions of 1 5 kV in accelerating voltage and about 1 .0 x 1 0 ^A to 1 .0x1 0" 7 A in probe current, the intensity 

so of characteristic X-ray of each of the elements of a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti, is 

found and their respective average values of the intensity of the characteristic X-ray, l^, \ Mt l M , and l^, are found. 
I M is to be the sum of the average value of the characteristic X-ray intensity of Ca and the average value of the 
characteristic X-ray intensity of Sr. When plural rare earth elements are contained, l^ is to be the sum of the 
average values of the intensities of the contained rare earth elements. In this case, in order that the crystals having 

55 a particle diameter of about 5 u. m or less is less subjected to the influence of crystals other than the crystal to be 

measured, it is necessary to pay attention to the setting of prove current and the like. 

(iii) The intensity of each element in each crystal is compared to l^,, \ M , l M , and The crystal in which the intensities 
of a rare earth element (Ln) and Al are larger than l M and \ M is to be defined as a crystal of which main phase is 
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a crystal phase composed of an oxide of a rare earth element (Ln) and Al. The crystal in which the intensities of 
M (M is Ca and/or Sr) and Ti are larger than l M and is to be defined as a crystal of which main phase is a crystal 
phase composed of an oxide of M (M is Ca and/or Sr) and Ti. Note that the crystal in which all the intensities of a 
rare earth element (Ln), Al, M and TI are larger than l^, l AI , l M , and 1^ is to be defined as neither a crystal of which 
5 main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al, nor a crystal of which 

main phase is a crystal phase composed of an oxide of M and TI. 

(fv) By using a method other than the above-mentioned, for example, a transmission electron microscope (TEM), 
X-ray diffraction method and the like, there may be measured and identified as to whether each crystal particle 
takes, as its main phase, a crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti, or a crystal phase 
10 composed of an oxide of a rare earth element (Ln) and Al. For instance, by using TEM , X-ray diffraction micrography 

and X-ray diffraction method, such measurement and identification are carried out as follows. 

[0056] In the case of identifying a crystal phase by TEM, with a transmission electron microscope JEM2010F of 
JEOL Corp. and an EDS analyzer Voyager IV of Noran Instruments Corp. for example, an EDS point analysis is con- 
's ducted for more than 20 crystal particles selected at random. By "thin-film approximation method 11 , the element pro- 
portions of M (M is Ca and/or Sr), Ti, rare earth element (Ln), Al and oxygen in each of the crystals are obtained by 
semiquantitative calculation. The result is then converted to the ratio excluding oxygen, thereby obtaining the elemental 
ratios of M, Ti, rare earth element (Ln) and Al. The average value of the elemental ratios of each crystal is calculated 
per element. Based on this average value, the crystal having large elemental ratios of M (M is Ca and/or Sr) and TI is 
20 taken as a crystal of which main phase is a crystal phase composed of an oxide of M and TI, and the crystal having 
large elemental ratios of a rare earth element (Ln) and AJ is taken as a crystal of which main phase is a crystal phase 
composed of an oxide of a rare earth element (Ln) and Al. 

[0057] The average value of the particle diameters of the crystal of which main phase is a crystal phase composed 
of an oxide of M (M is Ca and/or Sr) and Ti, is compared to the average value of the particle diameters of the crystals 
25 of which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al. In this case, the 
average crystal particle diameter Hd is found from the above-mentioned equation: Hd=2(A/7i) 1/2 , wherein A is the area 
within a particle. 

[0058] The identification of a crystal phase by X-ray diffraction method is conducted as follows. It is determined as 
to whether a peak interplanar spacing d of the X-ray diffraction of each crystal is closer to either of (i) one plane of a 

30 crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti, for example, an interplanar spacing d1 corre- 
sponding to a (1 1 0)-oriented plane, and (ii) one plane of a crystal phase composed of an oxide of a rare earth element 
(Ln) and Al, for example, an interplanar spacing d2 corresponding to a (11 0)-oriented plane. The crystal phase deter- 
mined as being closer is defined as a main crystal phase. That is, in the case of d1>d2, if d>(d1+d2)/2, it is taken as 
a crystal of which main phase is a crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti. If d<(d1-Kl2)/ 

35 2, it is taken as a crystal of which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and AL 
[0059] On the other hand, in the case of d1<d2, if d<(d1+d2)/2, it is taken as a crystal of which main phase is a 
crystal phase composed of an oxide of M (M is Ca and/or Sr) and Ti. ff d>(d1+d2)/2, it is taken as a crystal of which 
main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and AL 

[0060] The interplanar spacing d1 of the crystal of the oxide of M (M is Ca and/or Sr) and Ti, and the interplanar 
^o spacing d2 of the crystal of the oxide of the rare earth element (Ln) and Al, are measured on a plane having the same 
Miller indices. 

[0061] When this measurement is made by using X-ray diffraction micrography or X-ray diffraction method, it is 
desirable that the diameter of X-ray point source is smaller than the crystal particle. 

[0062] There may be used any measuring method which can compare a rate of an element present in each crystal 

45 by using a manner other than the above mentioned (A) to (D). 

[0063] In order to prepare a dielectric ceramics of the invention in which the average particle diameter D 1 of the 
crystal of which main phase is a crystal phase composed of an oxide of M and Ti is larger than the average particle 
diameter D 2 of the crystal of which main phase is a crystal phase composed of an oxide of a rare earth element (Ln) 
and Al, a starting material of the dielectric ceramic composition is molded into a predetermined shape, thereafter, the 

50 temperature from 1000 to 1400°C is elevated at an average temperature elevating rate of 5 to 100°C/hour, and the 
temperature of not less than 1 400*C is elevated at an average temperature elevating rate of 31 0 to 500°C/hour, followed 
by firing at 1500 to 1700°C for at least 15 hours or more. 

[0064] This two-stage firing step enables that the average particle diameter of the crystal of which main phase is a 
crystal phase composed of an oxide of M and TI is larger than the average particle diameter of the crystal of which 
55 main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al, thereby increasing Q value. 
Preferably, the temperature from 1 000 to 1 400°C is elevated at an average temperature elevating rate of 25 to 75°C/ 
hour, and the temperature of not less than 1400°C is elevated at an average temperature elevating rate of 350 to 
450°C/hour, followed by firing at 1550 to 1 680°C for at least 1 5 hours or more. This permits to further increase Q value. 
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[0065] The expression "firing at 1500 to 1700°C, preferably 1550 to 1680°C, for at least 15 hours or more 1500" 
means that the temperature is elevated, or held, or lowered at temperatures in this range, and the temperature elevation, 
holding or lowering may be repeated in this range. 

[0066] The reason why the average particle diameter of the crystal of which main phase is a crystal phase composed 
5 of an oxide of M and Tl is larger than the average particle diameter of the crystal of which main phase is a crystal phase 
composed of an oxide of a rare earth element (Ln) and Al, can be considered as follows. Because of the sintering step, 
particularly the elevated temperature and the following holding at high temperature, the crystal phase of which main 
phase is the crystal phase composed of the oxide of M (M is Ca and/or Sr) and Tl grows in grain. Especially, the crystal 
phase composed of the oxide of M (M is Ca and/or Sr) and Ti is sintered while growing in grain, by elevating the 
10 temperature from 1 000°C to 1 400°C at a relatively small temperature elevating rate, that is, the average temperature 
elevating rate of 5 to 100°C /hour. Successively, by elevating the temperature of not less than 1400°C at a relatively 
large temperature elevating rate, that is, the average temperature elevating rate of 31 0 to 500°C/hour, the sintering of 
the crystal phase composed of the oxide of a rare earth element (Ln) and Al is also proceeded. However, it can be 
considered that by firing at high temperatures of 1 500°C to 1 700°C for 15 hours or more, the crystal phase composed 
15 of the oxide of M (M is Ca and/or Sr) and Ti further grows in grain, whereas the crystal phase composed of the oxide 
of a rare earth element (Ln) and Al is hard to grow in grain even in the firing step at high temperatures of not less than 
1500 Q C. 

[0067] The reason why a dielectric ceramics of the invention prepared in the foregoing method has a high Q value 
can be considered as follows. 

20 [0068] In general, it can be considered that the grain boundary of crystals of a sintered body is responsible for 
dielectric loss in a high frequency band, therefore, as the crystal particle diameter is increased, the dielectric loss due 
to grain boundary is decreased and Q value is higher. When a plurality of main crystal phases are present in a sintered 
body, it can be considered that Q value of the sintered body is considerably governed by the crystal phase having a 
low Q value. 

25 [0069] In the present invention, there are present the crystal of which main phase is the crystal phase composed of 
the oxide of a rare earth element (Ln) and Al, and the crystal of which main phase is the crystal phase composed of 
the oxide of M (M is Ca and/or Sr) and Ti. It can be considered that the main phase of the former is LnAIO^^ 
(3^x^4), and that of the latter is MTi0 3 (M is Ca and/or Sr). When Q values of these two crystal phases are converted 
to 1GHz, several tens of thousands is obtained for LnAlO^^ (3^x^4), and several thousands is obtained for MT10 3 . 

30 That is, MTi0 3 has a lower Q value. Therefore, it can be considered that in the present invention , Q value of the sintered 
body can be increased by increasing the particle diameter of the crystal taking MT10 3 having a low Q value, as its main 
crystal phase. 

[0070] Specifically, a preparation method of the invention comprises the following steps (1 a) to (7a). 

35 (1 a) As a starting material, there are used each powder of a high purity rare earth oxide and a high purity aluminum 

oxide. After these are weighed out so as to be a desired proportion, pure water is added thereto, and this is 
subjected to wet blending and grinding by a ball mill using zirconia balls etc. for 1 to 100 hours until the average 
particle diameter of the mixed material becomes not more than 2.0 u. m. 

(2a) The mixture is dried and calcinated at 1 000 to 1300°C for 1 to 10 hours, to obtain a calcination of which main 
40 crystal phase is LnAlO^^ (3^x^4). 

(3a) Separately, there are used each powder of calcium carbonate and/or strontium carbonate, and titanium oxide. 

After these are weighed out so as to be a desired proportion, pure water is added thereto, and this is subjected to 

wet blending and grinding by a ball mill using zirconia balls etc. for 1 to 1 00 hours until the average particle diameter 

of the mixed material becomes not more than 2.0 \i m, preferably 0.6 to 1 .4 u. m. 
45 (4a) This mixture is dried and calcinated at 1 000 to 1 300°C for 1 to 1 0 hours, to obtain a calcination of which main 

crystal phase is MTi0 3 (M is Ca and/or Sr). 

(5a) The obtained calcination of which main crystal phase is LnAIOp C43 y 2 (3= x ^ 4) and the calcination of which 
main crystal phase is MTi0 3 (M is Ca and/or Sr) are mixed in a predetermined proportion. The mixed material is 
then subjected to wet blending and grinding by a ball mill using zirconia balls etc. for 1 to 100 hours until the 

50 average particle diameter of the mixed material becomes not more than 2.0 u. m, preferably 0.6 to 1 .4 |i m. 

(6a) Further, a 3 to 1 0 % by weight of a binder is added and dehydrated, followed by granulating or particle sizing 
by a known method, e.g., spray drying method. The resulting granulated body or particle-sized body is molded 
into a desired shape by a known molding method, e.g., mold pressing method, cold isostatic pressing method, or 
extrusion molding. The shape of the granulated body or particle-sized body is not limited to solid such as pulverulent 

55 body, but may be solid such as a slurry or liquid mixture. In this case, the liquid may be liquids other than water, 

e.g., IPA (isopropyl alcohol), methanol, ethanol, toluene, or acetone. 

(7a) The temperature from 1 000°C to 1400°C of the obtained molded body is elevated at a temperature elevating 
rate of 5 to 100°C/hour, and the temperature of not less than 1400^ is elevated at a temperature elevating rate 
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of 31 0 to 500°C/hour, followed by firing at 1 500 to 1 700°C for at least 1 5 hours or more. This results in a dielectric 
ceramics of the invention. 

[0071] If from 1000°C to 1400°C, the temperature elevating rate is below 5°C/hour or above 100°C/hour, Q value 
5 might drop. If from not less than 1 400°C, the temperature elevating rate is below 31 0°C/hour or above 500°C/hour, Q 
value might drop. With firing at 1500 to 1700°C for less than 15 hours, Q value might drop. 

[0072] Also in this dielectric ceramics, to the above component as a main component, there may be added ZnO, 
NiO, Sn0 2l C03O4, MnC0 3 , Zr0 2 , W0 3 , LiC0 3 , Rb 2 C0 3 , ScgC^, V 2 0 5 , CuO, Si0 2 , BaC0 3 , MgC0 3 , Cr 2 0 3 , B^, 
Ge0 2 , Sb 2 O s , Nb 2 O s , Ta 2 0 5 , Ga 2 0 3 , or the like. Depending on the kind of the added component, these can be added 

10 in a proportion of not more than 6 parts by weight to 1 00 parts by weight of the main component. 

[0073] The dielectric ceramics of the invention are most suitably used as a dielectric ceramics of a dielectric resonator. 
Fig. 1 shows a schematic diagram of a TE mode dielectric resonator. In the dielectric resonator of Fig. 1 , an input 
terminal 2 and an output terminal 3 are disposed on the opposite sides of the inner wall of a metal case 1 , and a 
dielectric ceramics 4 composed of the above-mentioned dielectric ceramics is disposed between the input and output 

15 terminals 2 and 3. In such TE mode diele ctric resonator, microwave is inputted from the input terminal 2 and, by the 
reflection at boundaries between the dielectric ceramics 4 and free space, the microwave is confined within the dielectric 
ceramics 4 and causes resonance at a specific frequency. This signal makes electromagnetic coupling with the output 
terminal 3 and is outputted. 

[0074] It is of course possible to apply the dielectric ceramics of the invention to a coaxial resonator usi ng TEM mo de, 
20 strip line resonator, TM mode dielectric resonator and other resonators, although these are not shown. In addition, the 
dielectric resonator can be constructed by disposing the input terminal 2 and output terminal 3 directly to the dielectric 
ceramics 4. 

[0075] The dielectric ceramics 4 is a resonance medium composed of a dielectric ceramics of the invention, having 
a predetermined shape. Its shape may be in any solid one which can cause resonance, such as cube, flat, disc, cylinder 
25 and polygonal prism. The frequency of a high frequency signal to be inputted is about 1 to 500 GHz, and about 2 GHz 
to 80 GHz is practically suitable as a resonance frequency. 

[0076] Thus, since a dielectric ceramics of the invention can realize a high dielectric constant e r and a high Q value 
in a high frequency region, it can be suitably applied to resonator materials, MIC dielectric substrate materials, dielectric 
waveguides, dielectric antennas and other various electronic parts. 

30 

EXAMPLES 

[0077] The present invention will hereinafter be described in detail by taking examples. 
35 Example I 

[0078] As a starting material, there were used each powder of a rare earth oxide, aluminum oxide (Al 2 0 3 ), calcium 
carbonate (CaC0 3 ), strontium carbonate (SrCOs) and titanium oxide (Ti0 2 ), which are all of high purity. After these 
were weighed out so as to be the mole ratios a, b, c and d in Table 1 , pure water was added thereto and mixed. This 

40 mixed material was subjected to wet blending and grinding by a ball mill for about 20 hours until the average particle 
diameter was not more than 2.0 u, m. This mixture was dried and calcinated at 1 330°C for 2 hours, to obtain a calcination. 
To this, manganese carbonate (MnCO-j), tungsten oxide (W0 3 ) and tantalum oxide (Ta 2 O s ) were added and mixed so 
as to have the values (% by weight) shown in Table 1 , and pure water was added thereto. This mixed material was 
then subjected to wet blending and grinding by a ball mill for about 20 hours until its average particle diameter was not 

45 more than 2.0 u. m. 

[0079] To the obtained slurry, a 5 % by weight of a binder was added and a particle sizing was conducted by a spray 
drying. The resulting sized-particle body was molded into a disk at pressure of about 1 ton/cm 2 , and degreased. The 
degreased molded body was held at 1 630°C to 1 680°C for 5 to 1 0 hours, and the temperature of 1 630 to 1 680°C was 
lowered to 1300°C at 310 to 500°C/hour, and the temperature of 1300°C was lowered to 1100°C at 5 to 100*C/hour. 

so Thereafter, it was held at 1 1 00 to 1 050*C for 30 hours, and held at 1 050 to 1 000°C for 30 hours, followed by firing. 
[0080] The disk part (the main surface) of the obtained sintered body was subjected to surface grinding and ultrasonic 
cleaning in acetone, and dried at 150°C for 1 hour. By using cylindrical resonator method, dielectric constant e r, Q 
value, and the temperature coefficient of resonance frequency e r were measured at a measuring fre quency of3lTfor 
4.5 GHz. This Q value was converted to a Q value at 1 GHz, from the relationship: (Q value) x (Measuring frequency 

55 f) = (Constant), which is generally held in microwave dielectric. As to the temperature coefficient of resonance frequency, 
the temperature coefficient of resonance frequency at 25 to 85°C was calculated taking the resonance frequency at 
25°C as reference. 

[0081 ] The sintered body was arranged by using an ion thinning device produced by Technoorg Linda. By means of 



10 



EP1 160 221 A2 



observation with a transmission electron microscope, analysis with a selected area electron diffraction image, and EDS 
analysis, the percent by volume of p -AI2O3 and/or e -AI2O3 contained in the sintered body, the crystal particle diameter, 
the aspect ratio, and the percent by volume of the crystal of which crystal system is hexagonal and/or orthorhombic, 
were measured by the following steps (2a) to (2f). 

5 

(2a) The crystals in the inside of the sintered body were observed with respect to an area of not less than 1 X 1 0r 3 
mm 2 by selected area electron diffraction image at a magnification of 5000 times, and the identification and EOS 
analysis of the crystal structure were carried out with respect to 30 crystals or more. 

(2b) The selected area electron diffraction image of the crystals in which relatively more At was present than other 
10 crystals and no Ti was detected in the EDS analysis in (2a), was analyzed and their crystal structures were iden- 

tified. Figs. 2(a) and 2(b) show examples of schematic diagrams of the selected area electron diffraction images 
of a crystal particle of P-Al 2 0 3 11 and a crystal particle of 0-AI 2 O 3 12, in which a relatively more Al was present 
than other crystals and no Tl was detected. Figs. 4 and 5 show examples of the schematic diagrams of the results 
of EDS analysis with respect to the crystal particles 11 and 12. From Fig. 4, it is found that the crystal particle 11 
15 takes Al as its main component and contains Ca and La. From Fig. 5, it is found that the crystal particle 12 takes 

Al as its main component and contains Sr and La. In Figs. 4 and 5, it should be noted that Mo was detected from 
a sample reinforcing plate. 

(2c) The crystals having the crystal structure, identified in (2b), which correspond to p -AlgOg of No. 10-0414 of 
JCPDS-ICDD and/or 8-AI2O3 of No. 11-0517 of JCPDS-ICDD, were taken as p -AI2O3 and/or 8 -AI2O3. For one 

20 example, the crystal structure of the crystal particle 11 in Fig. 2(a) was identified and found to be p -Al 2 0 3 of No. 

1 0-041 4 of JCPDS-ICDD. This result is shown as a schematic diagram in Fig. 3(a). Fig. 3(a) indicates that it was 
identified as a plane of p-AI 2 O a of No. 10-0414 of JCPDS-ICDD (h=-1 , k=1 , l=0). The crystal structure of the crystal 
particle 12 in Fig. 2(b) was identified and found that it was 6 -Al 2 0 3 of No. 11-0517 of JCPDS-ICDD. This result is 
shown as a schematic diagram in Fig. 3(b). Fig. 3(a) indicates that it was identified as a plane of 0 -AI2O3 of No. 

25 11-0517 of JCPDS-ICDD (h=-2, k=4, l=-1). 

(2d) The proportion of the area of the crystals corresponding to p -AI 2 O a and/or 6 -A^Os, to the crystal photograph 
observed in (2a) was found, and the obtained proportion was taken as a percent by volume of p -AI2O3 and/or 6 
-Al 2 0 3 . 

(2e) The average aspect ratio of the crystal of p -Al 2 0 3 was found to be 2 to 8, from the crystal photograph. 

30 (2f) There were found a percent by volume of the crystals among the crystals identified in (2a) in which the crystal 

composed of an oxide containing a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti had a hexagonal and/ 
or orthorhombic crystal structure. In finding the percent by volume, of the area of the photograph where the ceramics 
was present, a percent by area of the crystal composed of the oxide containing a rare earth element (Ln), Al, M 
(M is Ca and/or Sr) and Tl, was taken as a percent by volume. The crystals composed of p -Al 2 0 3 and 8 -A^Og 

35 were not counted in finding the percent by volume of the crystal composed of hexagonal and/or orthorhombic. 

[0082] The crystals of which crystal system is hexagonal and/or orthorhombic, which are to be contained in a dielectric 
ceramic sample of the invention, were identified by at least one or more crystal structures of the hexagonal LaAIO a of 
No. 31-0022 of JCPDS-ICDD, the hexagonal AINd0 3 of No. 39-0487 of JCPDS-ICDD, and the orthorhombic CaTi0 3 

40 of No. 42-0423 of JCPDS-ICDD. Of the dielectric ceramic samples of the invention, some samples of which crystal 
structure was identified by the hexagonal LaAI0 3 were also identified by the samples of which crystal structure was a 
cubic SrTi0 3 and/or cubic LaT10 3 . Further, of the dielectric ceramic samples of the invention, some of the samples of 
which crystal structure was identified by the hexagonal LaAI0 3 were also identified by the samples of which crystal 
structure was an orthorhombic CaTi0 3 . 

45 [0083] Of the crystals composed of an oxide containing a rare earth element (Ln), Al, M (M is Ca and/or Sr) and Ti, 
the crystals composed of a crystal system other than hexagonal and/or orthorhombic were regarded that its crystal 
structure was unclear, or it was for example identified by at least one or more crystal structures such as of tetragonal 
Sri_aAI0 3 , Sr 4 Ti3O 10 , S^TIO^ Sr 3 AI 2 0 7 and SrLagTl^O^, and monoclinic SrA^O^ Nd^Oj and SrA^Oy. 
[0084] As a measuring device, a transmission electron microscopea JEM2010F produced by JEOL Corp. and an 

so EDS analyzer Voyager IV produced by Noran Instruments Corp. were used. 

[0085] The results are shown in Tables 1 to 3. In Table 1 , for example, the sample that the proportion of a rare earth 
element is 0.1 Y 0.9La indicates that the mole ratio of Y and La is 0.1 :0.9. The ratio of CaO and SrO is indicated in ratio 
by mole. 

[0086] As apparent from Tables 1 to 3, as to Sample Nos. 1 to 48 within the scope of the present invention in which 
55 p -Al 2 0 3 and/or 8 -Al 2 0 3 is present, dielectric constant e r is 30 to 48, and Q value when converted to 1 GHz is 40000 
or more. Particularly, when e^ts^Oor more, Q valuers as high as 45000 or more, thereby providing such excellent 
dielectric property that % f is/within ±30 (ppm/°C) . ^/ ^ 
[0087] On the other hand\as to the~~dieJectric ceramics beyond the scope of the present invention (Nos. 49 to 56), 
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in which neither p -Ai 2 0 3 nor 0 -Al 2 0 3 is present, e r is low, or Q value is low, or the absolute value of t f exceeds 30. 
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Example II 

45 

[0088] A dielectric ceramics was prepared by the following steps (1) to (8). 

(1 ) As a starting material, there were used each powder of a high purity rare earth oxide and a high purity aluminum 
oxide (AI2O3). After these were weighed out so as to be the mole ratios in Table 4, pure water was added thereto 

50 and mixed. This mixed material was subjected to wet blending and grinding by a ball mill for about 20 hours until 

the average particle diameter was not more than 2.0 u. m. 

(2) This mixture was dried and calcinated at 1 200°C for 2 hours, to obtain a calcination of which main crystal phase 
was LnAIO (X4 3y2 (3^x^4). 

(3) Separately, there were used each powder of calcium carbonate (CaC0 3 ), strontium carbonate (SrC0 3 ) and 
55 titanium oxide (Ti0 2 ). After these were weighed out so as to be a mole ratio in Table 4, pure water was added 

thereto, and this was subjected to wet blending and grinding by a ball mill for about 20 hours until the average 
particle diameter of the mixed material was not more than 2.0 u. m. 

(4) This mixture was dried and calcinated at 1 200°C for 2 hours, to obtain a calcination of which main crystal phase 
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is MT1O3 (M is Ca and/or Sr). 

(5) The mixed calcination of the rare earth oxide and AI2O3, and the mixed calcination of MTi0 3 and Ti0 2 were 
mixed together and pure water was added thereto. This was subjected to wet blending and grinding by a ball mill 
for about 20 hours until the average particle diameter of the mixed material was not more than 2.0 u. m. 
5 (6) To the obtained slurry, a 5 % by weight of a binder was added and a particle sizing was conducted by spray 

drying. 

(7) The obtained particle-sized body was molded into a disk at pressure of about 1 ton/cm 2 . 

(8) The temperature from 1000°C to 1400°C was elevated at a mean temperature elevating rate of 5 to 100°C/ 
hour, and the temperature from not less than 1 400°C was elevated at a temperature elevating rate of 31 0 to 500°C/ 

10 hour, followed by firing in the atmosphere at 1500 to 1 700°C for at least 15 hours or more. 

[0089] In the same manner as in Example I, e r, Q value, and the temperature coefficient of resonance frequency e 
r were measured. 

[0090] Further, the particle diameter and crystal phase of each crystal were measured by the following steps (a) to (e). 

15 

(a) From the interior of the sintered body, four area were selected at random to take samples. These samples were 
subjected to surface grinding and mirror finish. Thereafter, a heat treatment was conducted at 1450°C for 15 
minutes by using thermal etching method, so that the crystal shape can be observed by a SEM image. 

(b) Using a wavelength dispersive X-ray micro-analyzer, photographs of reflection electron images of the surface 
20 of each sample after thermal treatment were taken at 15 kV in accelerating voltage, about 5x10 " 10 A in probe 

current, and 500 to 2000 times in magnification. 

(c) With respect to about 50 to 100 pieces in each of the photographs obtained in (b), their respective crystal 
particle diameters were measured. The particle diameter was measured by image analysis method. Particle di- 
ameter Hd was found as follows. 

25 

Hd=2(A/ic) 1/2 

wherein A is the area within a particle. 

30 (d) With respect to all the crystals having a particle diameter of 3 to 1 00 u. m in the crystals in (b), under the 

conditions of 15 kV in accelerating voltage and 1.0 x 10 ' 7 A to 1.0 x 10 " 8 A in probe current, the intensity of 
characteristic X-ray of each of the elements of a rare earth element (Ln), Al, M (M is Ca and/or Sr) and T, was 
found and their respective average values of the intensity of the characteristic X-ray, l^, \ M , l M , and 1^, were found. 
I M was to be the sum of the average value of the characteristic X-ray intensity of Ca and the average value of the 

35 characteristic X-ray intensity of Sr. When plural rare earth elements were contained, 1^, was to be the sum of the 

average values of the intensities of the contained rare earth elements. When the intensities of the rareearth element 
(Ln) and AL were larger than the average value, it was to be a crystal of which main phase was a crystal phase 
composed of the oxide of the rare earth element (Ln) and AL When the intensities of M (M is Ca and/or Sr) and Tl 
were larger than the average value, it was to be a crystal of which main phase was a crystal phase composed of 

40 the oxide of M (M is Ca and/or Sr) and Tl. 

However, the crystals in which all intensities of a rare earth element (Ln), Al, Ca and Tl were larger than the 
average value were taken as neither a crystal of which main phase is a crystal phase composed of the oxide of a 
rare earth element (Ln) and Al, nor a crystal of which main phase of a crystal phase composed of the oxide of M 
(M is Ca and/or Sr) and Ti. Also, the crystals having a particle diameter of not more than 3 u. m were under the 

45 influence of other crystals, thus failing to obtain accurate intensity value. Therefore, these were confirmed by a 

transmission electron microscope (TEM) and were found to be a crystal of which main phase is a crystal phase 
composed of the oxide of a rare earth element (Ln) and Al. 

(e) From the above (a) to (d), there was calculated the average particle diameter of the crystals of which main 
phase was a crystal phase composed of the oxide of M (M is Ca and/or Sr) and Tl, and the crystal of which main 
so phase is a crystal phase composed of the oxide of a rare earth element (Ln) and Al. 

[0091] These results are shown in Tables 4 to 6. As apparent from Tables 4 to 6, as to Sample Nos. 57 to 87 within 
the scope of the present invention, dielectric constant e r is 30 to 47, and Q value when converted to 1 GHz is 35000 
or more. Particularly, when e r is 40 or more, Q value is as high as 40000 or more, thereby providing such excellent 
55 dielectric property that x f is within ±30 (ppm/°C). 

[0092] On the other hand, as to the dielectric ceramics beyond the scope of the present invention (Nos. 88 to 94), 8 
r is low, or Q value is low, or the absolute value of x f exceeds 30. 
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Table4 



5 


No. 


Mole Ratio of Rare Earth Element Oxide 


CaO Mole 
Ratio 


SrO Mole 
Ratio 




1 


2 


3 










Kind 


Mole Katio 


i/; nr j 

Kind 


Moie natio 


rvinu 


Ms\Ia Dotin 

MOie rtaiio 








57 


bmzuo 


A A 


YDZUo 


A ACQA 

O.OooO 


Mil 

Nil 




0.2100 


0.1560 


10 


58 


N02U3 


0.1240 


Mil 

Nil 




Nil 




0.1420 


0.2310 




59 


iMd2U3 


0.0/90 


Kin 
Nil 




Mil 

Nil 




0.0110 


0.4590 




60 


Nd2Uo 


f\ 4 AAA 

0.1000 


YD^Uo 


A AOCA 

0.0250 


Mil 

Nil 




0.3330 


0.0000 


15 


61 


Y203 


0.0900 


rro04 


A AOCA 

0.0350 


Klil 

Nil 




0.4000 


0.0170 


62 


Nd203 


0.1400 


Nil 




ki :i 
Nil 




0.3000 


0.1300 




63 


Sm203 


0.0800 


La203 


0.0260 


Nil 




0.0510 


0.3430 




64 


Ce203 


0.0200 


La203 


0.0681 


Klil 

Nil 




0.3000 


0.1119 


20 


65 


Nd203 


0.0580 


Nil 




Nil 




0.1000 


0.3800 




66 


La203 


0.0550 


Gd203 


0.0391 


Klil 

Nil 




0.0000 


0.4587 




67 


Dy203 


0.1140 


Eu203 


0.1000 


Klil 

Nil 




0.0900 


0.1980 


25 


68 


Eu203 


0.1700 


Nil 




Nil 




0.0200 


0.3670 




69 


Dy203 


0.0900 


Tb203 


0.0420 


Nil 




0.3000 


0.0270 




70 


Eu203 


0.0100 


Tb203 


0.1900 


Nil 




0.2830 


0.0030 




71 


Gd203 


0.0650 


Nil 




Nil 




0.0100 


0.4900 


30 


72 


Tb203 


0.1120 


Ho203 


0.0180 


Nil 




0.3000 


0.1350 




73 


La203 


0.1060 


Er203 


0.0440 


Nil 




0.0000 


0.3000 




74 


La203 


0.0710 


Y203 


0.0070 


Nil 




0.1400 


0.2820 


35 


75 


Nd203 


0.1110 


Pr304 


0.0056 


Nil 




0.1300 


0.2968 




76 


Nd203 


0.1098 


Nil 




Nil 




0.1000 


0.2902 




77 


N02U3 


0.0790 


Mil 

Nil 




Mil 

Nil 




0.4700 


0.0000 




78 


N02O3 


A A7AA 
0.0700 




A AH QH 
0.01 Ol 


Klil 

Nil 




0.0800 


0.3319 


40 


79 


Nd203 


0.0700 


oPTuiUo 


0.01 Id. 




A AO OA 


0.1400 


0.2976 




80 


M JOAO 

Nd2vJ3 


A ACAA 
0.0500 


bUZUo 


A AOOA 

O.OZoO 




A Ai K/l 
0.0154 


0.2950 


0.1642 




81 


olTIZUo 


A OQC7 


Mil 

Nil 




Mil 
Nil 




0.2400 


0.0866 


45 


82 




U.UOUU 


Mil 
Nil 




Mil 
Nil 




0.0600 


0.3690 




83 


Eu203 


0.1000 


Dy203 


0.0067 


Nil 




0.2963 


0.0370 




84 


Dy203 


0.0500 


Gd203 


0.0726 


Nil 




0.0310 


0.4778 




85 


Nd203 


0.0020 


Eu203 


0.1440 


Nil 




0.1600 


0.1100 


50 


86 


Sm203 


0.0010 


Tb203 


0.0780 


Nil 




0.0000 


0.3710 




87 


Dy203 


0.0500 


Eu203 


0.1500 


Nil 




0.3700 


0.0000 




*88 


Y203 


0.0520 


Er203 


0.0421 


Nil 




0.3400 


0.1187 


55 


*89 


Yb203 


0.0540 


Ce02 


0.0360 


Nil 




0.2962 


0.1638 




*90 


Pr304 


0.1270 


Eu203 


0.0270 


Nil 




0.2700 


0.1070 




*91 


Y203 


0.0630 


La2Q3 


0.0270 


Ho203 


0.0100 


0.0010 


0.4290 
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Table4 (continued) 



No. 


Mole Ratio of Rare Earth Element Oxide 


ft J _ 1 

CaO Mole 
Ratio 


SrO Mole 
Ratio 


1 


2 


3 




Kind 


Mole Ratio 


Kind 


Mole Ratio 


Kind 


Mole Ratio 






*92 


Sm203 


0.1400 


Nil 




Nil 




0.2900 


0.1400 


*93 


Sm203 


0.1400 


Nil 




Nil 




0.3200 


0.1100 


*94 


Dy203 


0.0900 


Y203 


0.0420 


Nil 




0.3000 


0.0270 




ark "* w indicates Sample not falling within the scope of the invention. 
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35 



40 
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50 
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• 3 

5- 

£ g 



O JC 



CM 



2 



8 

5. 



3- 

Of eo 



CM 



5 



CM 



CO 



CO 



s 



s 



§ 



si 



s 



IS 



8 



in 



m 



R 



3 



CO 



8 



in 



3 



m 



s 



5 



3 



3 



s 



CM 



S 



S 



<D 

E 



at 



g 

o 

E 

s 
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15 



20 



25 



30 



1 



40 



50 



C ° 



e § 
• 3 



ill 

o 



I 



9 

CO 

+ 
a 



8 



o 

uJ 



5? 



3 



8 
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CO 



i 
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CO 



o 
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Table6 



5 


No. 


Mean Particle Diameter of Each 
Crystal PhaseQi m) 


Dielectid 
Constant e r 


Q 


tf (ppnVC) 




v/j i\ 

Yi 1 ' 


Y2^ 










57 


6.5 


25.3 


42 


42000 


28 




58 


9.1 


24.2 


35 


50000 


-29 


10 


59 


3.5 


77.2 


44 


43000 


15 




60 


9.3 


19.2 


39 


38000 


-14 




61 


11.0 


46.3 


32 


49000 


-21 


15 


62 


11.8 


12.9 


34 


39000 


-21 


63 


3.7 


14.0 


42 


52000 


-15 




64 


11.0 


99.5 


41 


47000 


0 




65 


5.8 


10.0 


43 


46000 


25 


20 


66 


5.1 


24.7 


35 


44000 


-2 




67 


11.3 


16.5 


32 


41000 


-30 




68 


3.2 


18.8 


41 


44000 


-13 


25 


69 


6.4 


10.3 


31 


35000 


-18 


70 


6.8 


15.3 


33 


57000 


-26 




71 


7.4 


24.2 


36 | 


59000 


30 




72 


9.5 


24.6 


32 


45000 


-29 


30 


73 


11.9 


44.5 


38 


39000 


-14 




74 


5.7 


17.2 


47 


51000 


26 




75 


10.2 


36.3 


36 


52000 


5 


35 


76 


5.3 


28.0 


41 


58000 


-20 




77 


11.4 


50.1 


40 


48000 


25 




78 


6.3 


19.4 


45 


49000 


0 




79 


3.3 


14.6 


40 


55000 


-9 


40 


80 


6.2 


21.4 


42 


51000 


7 




81 


6.4 


17.2 


30 


35000 


-30 




82 


7.8 


14.2 


31 


35000 


30 


45 


83 


11.0 


21.4 


31 


37000 


-25 




84 


5.7 


17.2 


32 


40000 


14 




85 


"7 Q 


on h 


39 


37000 


10 ; 




86 


7.4 


13.0 


32 


35000 


-5 




87 


13.6 


15.0 


36 


35000 


-20 




*88 


14.6 


10.8 


36 


8000 


16 




*89 


7.5 


6.3 


38 


8000 


38 


55 


•90 


6.3 


4.7 


33 


5000 


-19 




*91 


20.1 


13.6 


36 


5000 


-24 




*92 


8.0 


5.7 


32 


18000 


-19 
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Table6 (continued) 



No. 


Mean Particle Diameter of Each 
Crystal Phasefji m) 


Dielectid 
Constant e r 


Q 


tf (ppm/°C) 


Y1 1 ) 


Y22) 


•93 


25.0 


16.0 


29 


12000 


-22 


•94 


10.0 


7.2 


27 


10000 


-23 


Mark indicates Sample not falling within the scope of the invention. 1) U Y1 M means a crystal phase of which 
main phase is a crystal phase composed of an oxide of a rare earth element and Al. 2) "Y2 ,, means a crystal phase 
of which main phase is a clystal phase composed of an oxide of M (M is Ca and/or Sr) and 71. 



10 



15 



[0093] It should be noted that the present invention is not to be limited to the foregoing examples and numerous 
modifications and variations can be devised without departing from the scope of the invention. 
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Claims 

1 . A dielectric ceramics comprising an oxide containing, as a metal element, at least one rare earth element (Ln), Al, 
M (M is Ca and/or Sr) and Ti; and at least part of the Al oxide being present as a fl-AlgC^ and/or 0-AI 2 O 3 crystal 
phase. 

2. A dielectric ceramics according to claim 1 , wherein, in the crystals comprising the oxide containing a rare earth 
element (Ln), Al, M (M is Ca and/or Sr) andTl, crystals of which the crystal system is hexagonal and/or orthorhombic 
is present not less than 80% by volume. 

3. A dielectric ceramics according to claim 1 or2, wherein, as a metal element, at least one of Mn, Wand Ta is present 
in an amount of 0.01 to 3% by weight in total, as MnOg, WO a , and TagOg, respectively. 

4. A dielectric ceramics according to any preceding claim, wherein the p-AI 2 0 3 and/or G-Al 2 0 3 crystal phase is present 
in an amount of 1/1 00000 to 3% by volume. 

5. A dielectric ceramics according to any preceding claim, wherein, when its composition formula is expressed as 
follows: 



aLn 2 O x bAI 2 Q 3 cMO dTi0 2 



40 



(where 3 <> x £ 4), 

a, b, c and d satisfy the following: 



45 



50 



0.056 ^a< 0.214 



0.056£b£0.214 



0.286 <, c 5 0.500 



0.230 < d < 0.470 



55 a+b+c+d=1 

6. A dielectric ceramics containing, as a metal element, at least one rare earth element (Ln), Al, M, (M is Ca and/or 
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Sr) and Ti, which comprises an average particle diameter of the crystal of which the main phase is a crystal 
phase composed of an oxide of M and Ti is larger than an average particle diameter D 2 of the crystal of which the 
main phase is a crystal phase composed of an oxide of a rare earth element (Ln) and Al. 

5 7. A dielectric ceramics according to claim 6, wherein the average particle diameter D t of the crystal of which main 
phase is a crystal phase composed of an oxide of M and TI is 12 \vm £ D 1 <, 100 u.m, and the average particle 
diameter D 2 of the crystal of which main phrase is a crystal phase composed of an oxide of a rare earth element 
(Ln) and Al is 3 \xm <> D 2 £ 12 um. 

10 8. A dielectric ceramics according to claim 7, wherein the average particle diameter D 1 of the crystal of which main 
phase is a crystal phase composed of an oxide of M and TMs 15u,m£D., £ 60nm, and the average particle diameter 
D 2 of the crystal of which main phase composed of an oxide of a rare earth element (Ln) and Al is 5 urn £ D 2 < 1 0 ujti. 

9. A dielectric ceramics according to any of claims 6 to 8, wherein, when its composition formula is expressed as 
« follows: 



25 



30 



35 



40 



45 



50 



55 



aLn 2 O x bAI 2 0 3 cMO dTi0 2 



20 (where 3< x <4), 

a, b, c and d satisfy the following: 



0.056 <S a £0.214 



0.056 <b £0.214 



0.286 £ c £ 0.500 



0.230 < d < 0.470 



a+b+c+d=1 



1 0. A dielectric resonator comprising a dielectric ceramics according to any preceding claim which is disposed between 
a pair of input/output terminals, so as to be operated by electromagnetic coupling. 
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FIG. 1 




26 



EP1 160 221 A2 



FIG. 2(a) 

11 




5.0 urn 



FIG. 2(b) 
12 




5. 0/im 
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FIG. 3(a) 




FIG. 3(b) 
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FIG. 5 
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